Species of the genus Bacillus have been isolated from a wide variety of environments, and their ubiquitous distribution in nature is due to the resistance of their endospores to stressful environmental conditions. Members of the genus Bacillus are also common residents of internal tissues of terrestrial and aquatic plants, where these micro-organisms play an important role in plant protection and growth promotion and facilitate plant growth under biotic and abiotic stress conditions (Ji et al., 2008; Sgroy et al., 2009) . Although Bacillus species have been isolated from a wide range of habitats, to the best of our knowledge, only one Bacillus strain belonging to a species with a validly published name, Bacillus endophyticus (Reva et al., 2002) , has been isolated from inner tissues of a plant root. In the course of a study of the endophytic bacterial diversity of coastal sand-dune halophytes, several endophytes related to the genus Bacillus were isolated from different halophytes, and a novel strain, YC6957 T , belonging to the genus Bacillus was isolated from the roots of a dune grass.
Strain YC6957 T was isolated from the roots of a coastal sand-dune plant, Elymus mollis Trin., growing on coastal tidal flats of Namhae Island (34 u 509 15.620 N 127 u 539 32.720 E), located midway along the south coast of Korea. Isolation was carried out as described previously (Chung et al., 2008) . Root pieces were washed several times with running tap water and surface sterilized by stepwise washing in 70 % ethanol for 5 min, 1.0 % NaOCl for 10 min and 70 % ethanol for about 10 s and finally washed several times with sterile distilled water. To confirm the success of the disinfection process, washed root segments were placed on R2A agar (Difco) for examination of bacterial growth after incubation at 28 u C for 5-6 days. After confirmation of the surface sterility of root segments, 1.0 g dried plant root was ground with a sterile mortar and pestle in 9.0 ml autoclaved filtered seawater (AFS). Serial dilutions were made using AFS and 200 ml aliquots of the 10 23 to 10 25 dilutions were spread on one-tenth strength IP: 54.70.40.11
On: Sat, 29 Dec 2018 21:57:22 R2A (1/10 R2A) plates and incubated at 25 u C for 1-2 weeks. The purified strain was maintained on marine agar 2216 (MA; Difco) or half-strength R2A (1/2 R2A) agar.
Thirty-two strains isolated from roots were identified on the basis of 16S rRNA gene sequence similarity and the similarities to related genera were in the range 96.1-100 %. One novel strain designated YC6957 T had the closest similarity (96.14 %) to Bacillus ruris LMG 17892 T , while relatively low sequence similarities (95.84-93.09 %) were found to the type strains of other species of the genus Bacillus with validly published names.
Cell morphology was observed using transmission electron microscopy (Hitachi model H-600) with cells grown for 1 day at 30 u C in R2A broth (Difco). The Gram reaction was determined by using the bioMérieux Gram stain kit according to the manufacturer's instructions. Motility was checked using the hanging-drop method (Schaal, 1986) . Cells were rods to coccoid rods with a single polar flagellum (Fig. 1) . The pH range for growth was tested using 1/2 R2A broth, adjusted to different pH values by using the appropriate biological buffers, as described by Xu et al. (2005) . The temperature for growth was determined by incubating strain YC6957 T on 1/2 R2A agar at 4 to 50 u C and the optimum temperature for growth was determined in 1/2 R2A broth by turbidity at 600 nm using a spectroscopic method (Optizen 2120UV; Mechasis). Requirement for and tolerance of NaCl were determined in 1/2 R2A broth supplemented with 1-10 % (w/v) NaCl. Catalase and oxidase tests were performed by the procedures outlined by Cappuccino & Sherman (2002) . Nitrate reduction was determined according to the method of Lányí (1987) . Modified Schaeffer's medium (MSM) was used to induce sporulation, as described by Kempf et al. (2005) . The lecithinase test was performed as described previously (Gordon et al., 1973) . Anaerobic growth was determined at 28 u C after 2 weeks of incubation in the GasPak EZ Anaerobe Pouch System (BD) on 1/2 R2A agar according to the manufacturer's instructions. Physiological properties of strain YC6957 T and related type strains B. ruris KACC 12113 T , B. lentus KACC 10930 T and B. galactosidilyticus DSM 15595 T were determined using the following methods: hydrolysis of casein, gelatin, tyrosine, starch, aesculin, urea (Lányí, 1987; Smibert & Krieg, 1994) , cellulose (Hendricks et al., 1995) and chitin (Singh et al., 1999) and b-1, 3glucanase (Hong & Meng, 2003) . API 20E tests (bioMérieux) were used to determine nitrate reduction, aesculin hydrolysis, b-galactosidase production, fermentation of glucose, the ONPG test (b-galactosidase), urease, gelatinase and indole production. Acid-production profiles from carbohydrates were obtained with the API 50 CH system (bioMérieux) after growth in 50 CHB medium according to the manufacturer's instructions. Phenotypic, physiological and biochemical characteristics of strain YC6957 T are listed in the species description and are given in Table 1 .
For measurement of the G+C content of the chromosomal DNA, genomic DNA was extracted and purified as described by Ausubel et al. (1995) . Purified genomic DNA was then digested enzymically into nucleotides and the G+C content was determined as described by Mesbah et al. (1989) using reversed-phase HPLC. Menaquinones were isolated using the methods of Minnikin et al. (1984) and separated by HPLC (Kroppenstedt, 1982) . The G+C content of the genomic DNA of strain YC6957 T was 41.6 mol%. Strain YC6957 T contained MK-7 (97.4 %) as the predominant menaquinone, with MK-8 (2.6 %) present in minor amounts. The 16S rRNA gene was amplified from extracted DNA by using primers 27F and 1492R (Lane, 1991) . The purified PCR product was sequenced by GenoTech Co. Ltd (Daejeon, Korea). To ascertain the phylogenetic position of the novel strain, the 16S rRNA gene sequence (1.4 kb) of strain YC6957 T was compared with sequences obtained from NCBI and the EzTaxon server (http://www.eztaxon.org/; Chun et al., 2007) . Multiple alignments of sequences were performed by using CLUSTAL_X (version 1.83) (Thompson et al., 1997) . Gaps were edited in the BioEdit program (Hall, 1999) . Evolutionary distances were calculated using Kimura's twoparameter model (Kimura, 1983) . Phylogenetic trees were reconstructed by using the neighbour-joining method (Saitou & Nei, 1987) in the MEGA4 program (Tamura et al., 2007) with bootstrap values based on 1000 replications (Felsenstein, 1985) . A phylogenetic tree based on the maximum-likelihood algorithm was also reconstructed using the PHYLIP program, version 3.6 (Felsenstein, 2002 low sequence similarities (95.84-93.09 %) were observed to other members of the genus Bacillus. The phylogenetic tree reconstructed using the neighbour-joining algorithm further confirmed that strain YC6957 T was phylogenetically related closely to species of the genus Bacillus and formed a robust lineage with the type strains of B. galactosidilyticus and B. ruris ( Supplementary Fig. S1a , available in IJSEM Online). The topology was similar to that of the phylogenetic tree constructed by using the maximum-likelihood method ( Supplementary Fig. S1b ).
Analysis of cellular fatty acid methyl esters was performed for strain YC6957 T and the closely related strains B. ruris KACC 12113 T , B. lentus KACC 10930 T and B. galactosidilyticus DSM 15595 T from cells grown on TSBA (Difco) for 36 h at 30 uC. Cellular fatty acids were saponified, methylated and extracted according to Sasser (1990) . The fatty acids were separated by GC (Hewlett Packard 6890) and identified using the Microbial Identification software package (Microbial ID, Inc.). Whole-cell fatty acid analysis of strain YC6957 T revealed the dominance of C 16 : 0 (11.3 %), iso-C 15 : 0 (19.2 %) and anteiso-C 15 : 0 (36.4 %), which comprised approximately 70 % of the cellular fatty acids extracted. Branched fatty acids of the 14-to 17carbon iso and anteiso series are typically the major fatty acids found in Bacillus cell membranes (Kämpfer, 1994) . However, strain YC6957 T and the type strains B. ruris KACC 12113 T , B. lentus KACC 10930 T and B. galactosidilyticus DSM 15595 T could be distinguished clearly from each other based on relative fatty acid concentrations (Table 2) .
Amino acids of whole-cell hydrolysates of strain YC6957 T were extracted and analysed according to the method of Staneck & Roberts (1974) . Polar lipids were extracted by a modified method of Minnikin et al. (1984) and separated by TLC on Merck Kieselgel 60-HPTLC. Aminolipids were detected by spraying the plate with a 0.2 % (w/v) solution of ninhydrin in butanol saturated with water followed by heating at 105 u C for 10 min (Ross et al., 1985) . Phospholipids were detected by spraying the plate with Zinzadze reagent (Dittmer & Lester, 1964) . Glycolipids were detected with 0.5 % 1-naphthol in methanol/water (1 : 1, v/v) and then with sulfuric acid/ethanol (1 : 1, v/v), followed by heating at 120 u C for 5-10 min (Xin et al., 2001) . Total lipids were detected by spraying with phosphomolybdic acid solution (Sigma-Aldrich) followed by heating at 150 u C. Analysis of cell-wall hydrolysates of strain YC6957 T revealed the presence of meso-diaminopimelic acid as the diagnostic cell-wall diamino acid. Diphosphatidylglycerol, phosphatidylethanolamine and phosphatidylglycerol were predominant in the polar lipid profile; we also detected an unknown phospholipid, an unknown glycolipid and two unknown polar lipids ( Supplementary Fig. S2) . A similar polar lipid profile, containing the same predominant compounds as well as the unknown phospholipid and the unknown polar lipid, was detected in B. galactosidilyticus DSM 15595 T , but the presence of an unknown aminophospholipid and an unknown phospholipid clearly distinguished strain YC6957 T from the related strain B. galactosidilyticus DSM 15595 T . The major fatty acid profile, respiratory lipoquinone, major polar lipids and peptidoglycan type of the cell wall of strain YC6957 T were typical of those of members of the genus Bacillus (Priest et al., 1988; Wieser et al., 2005; Lim et al., 2006a, b, c) .
The results of the phylogenetic analysis and morphological and chemotaxonomic investigations supported the affiliation of strain YC6957 T to the genus Bacillus. The characteristics that differentiate strain YC6957 T from related Bacillus species are summarized in Table 1 . Differences in biochemical characteristics, 16S rRNA gene sequences, isolation source, DNA G+C content, hydrolytic enzyme production and fatty acid composition can be used to distinguish this strain from phylogenetically related taxa (Tables 1 and 2) . Therefore, on the basis of these data, according to the minimal standards for describing new taxa of aerobic, endospore-forming bacteria (Logan et al., 2009) , we propose that strain YC6957 T represents a novel species of the genus Bacillus, for which the name Bacillus graminis sp. nov. is proposed.
Description of Bacillus graminis sp. nov.
Bacillus graminis (gra9mi.nis. L. gen. neut. n. graminis of grass).
Cells are Gram-stain-positive, facultatively anaerobic rods to coccoid rods, 0.7-1.061.2-2.2 mm. They bear an ellipsoidal endospore that lies in a subterminal position.
Motile by a single polar flagellum. After 2 days on 1/2 R2A, colonies are semi-transparent and whitish in colour with opaque centres. Cells usually occur singly or in pairs; tetrad-like cells are common. Cells are catalase-positive and oxidase-negative. Grows at 15-45 uC (optimum 30-35 uC), but not at 10 or 50 u C. Grows at pH 6.0-8.5 but not at pH 5.5 or 9.0. Growth is observed in R2A broth containing 8 % (w/v) NaCl but not 9.0 % (w/v) NaCl. Nitrate is reduced to nitrite. Hydrolysis of aesculin is positive; weakly positive for hydrolysis of casein and cellulose. Does not hydrolyse gelatin, chitin or urea. Citrate is not utilized. Indole production and egg-yolk reaction are negative. In API 20E tests, nitrate is reduced to nitrite; negative for ONPG reaction, activities of arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase and urease, citrate utilization, hydrogen sulfide production, the Voges-Proskauer reaction, indole production and gelatin hydrolysis. Positive for acid production from L-arabinose, D-xylose, D-mannose, D-mannitol and amygdalin, but negative for acid production from erythritol, D-arabinose, D-ribose, L-xylose, D-adonitol, methyl b-D-xylopyranoside, D-galactose, D-glucose, D-fructose, L-sorbose, L-rhamnose, dulcitol, inositol, D-sorbitol, methyl a-D-glucopyranoside, methyl a-D-mannopyranoside, N-acetylglucosamine, arbutin, salicin, cellobiose, maltose, inulin, melezitose, gentiobiose, raffinose, D-lyxose, D-fucose, D-and L-arabitol, potassium gluconate, potassium 2-ketogluconate and potassium 5-ketogluconate. Positive for utilization of D-and L-arabinose, D-ribose, D-xylose, D-galactose, D-glucose, D-fructose, sucrose, D-mannose, D-mannitol and amygdalin. The major respiratory menaquinone is MK-7. The diagnostic diamino acid of the cell-wall peptidoglycan is mesodiaminopimelic acid. Major fatty acid components (.10 % of the total) are C 16 : 0 , iso-C 15 : 0 and anteiso-C 15 : 0 . Major polar lipids are diphosphatidylglycerol, phosphatidylethanolamine and phosphatidylglycerol; an unknown phospholipid, an unknown glycolipid and two unknown lipids are minor components. The G+C content of the genomic DNA of the type strain is 41.6 mol%.
The type strain, YC6957 T (5KACC 13779 T 5DSM 22162 T ), was isolated from internal tissue of roots of Elymus mollis Trin. growing on the coast of Namhae Island, Korea.
